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Introduction 
ln our earlier paper (Suzuki & Phan, 1990), general 
proteins of eye-Iens and skeletic muscle were 
electrophoretically analysed in order to investigate 
intraspecruc variations and interspecruc relationships of 
six species of marine catfish from Cananéia (São Paulo, 
Brazil). ln this paper ten enzymatic systems of skeletic 
muscle of four species, Netuma barba, Genidens genidens, 
Sciadeichthys luniscutis and Cathorops spixii, were 
analysed and isozyme polymorphisms and interspecillc 
relationships were investigated. 
The development of zone electrophoresis (Smithies, 
1955) coupled with histochemical staining techniques 
(Hunter & Markert, 1957) contributed enorinously to the 
knowledge of isozymes, defined as multiple forms of 
enzymes possessing the same activity and arising from 
genetic control of primary protein structure (Markert & 
Moller, 1959). Isozymic investigations have been 
considered very useful and suitable for studies on genetic 
divergence at different leveIs of the evolutionary 
differentiation, including phylogenetic systematics 
(Selander & Johnson, 1973; Avise, 1974; Ayala, 1975; 
Avise & Smith, 1977). 
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Material and methods 
The catftshes were collected between February 1981 
and August 1985. Procedures of sampling of skeletic 
muscle and preparation of extracts were described in the 
previous paper (Suzuki & Phan, 1990). Ten enzymes were 
investigated (abbreviation and Enzyme Commission 
number are in parentheses): lactate dehydrogenase 
(WH; 1.1.1.27), malate dehydrogenase (MDH; 1.1.137), 
malic enzyme (ME; 1.1.1.40), isocitrate dehydrogenase 
(IDH; 1.1.1.42), aldehyde oxidase (AO; 1.2.3.1), 
tetrazolium oxidase (TO; 1.15.1.1.), aspartate 
amino-transferase (AAT; 2.6.1.1.), esterases (Est; 3.1.1.1.), 
alcaline phosphatase (APH; 3.13.1) and acid phosphatase 
(ACPH; 3.1.3.2). 
1\\'0 vertical polyacrylamide slab gel electrophoresis 
systems were selected after a numher of tests in order to 
find out the methods yielding the best resolution for each 
isozyme: 
System 1: one layer gel of concentration 10% (Akroyd, 
1968); gel buffer Tris-citrate pH 7.0 (Shaw & Prasad, 
1970); electrode buffer 'lli.s-glycine pH 8.9 (1tis 0.0165 M 
andglycine 0.1279 M, adjusted to pH 8.9 with lN NaOH). 
This system was used for MDH and ACPH. 
System 2: two layer gel electrophoresis desaibed by 
Phan et alo (1985). This system was used for WH, ME, 
IDH, AO, AAT, Est andAPH. 
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The electrophoresis was carried out at 5°C and with an 
inox box containing grinded ice in front of the gel to 
further minimize the heat generated by the 
electrophoretic system. 
Attempts to visualise isozymes of ME, IDH, APH 
and ACPH of liver and heart samples with the system 20f 
buffers failed to give good resolution. 
The amount of extract, electrophoretic system, time 
of electrophoretic run, staining procedore and staining 
buffer for each enzyme are summarized in Table 1. The 
bands attributed to TO were the clear bands obtained 
against a bluish background on gels stained for any of the 
oxidoreductases and exposed to ligth. The gels were 
photographed, kept in 7% acetic acid in 5% glycerol 
overnigth and then dried with a heat vacuum dryer. 
Nomenclature of /oci and electromorphs folIowed 
the system of Allendod & Utter (1979). A locus was 
considered polymorphic when the most common 
electromorph had a frequency of less than 0.99. Data 
from alI individuals of each species were used to 
calculate electromorph frequencies at alI loei. 
Chi-square goodness-of-fit analysis was used to test the 
samples for Hardy-Weinberg equilibrium. The Yates' 
correction (Dixon & Massey, 1969) for smalI samples was 
not applied because of its effect of increasing the type II 
error in genetic models (Fairbain & Roff, 1980). ln each 
of the foor species, N. balbo, G. genidens, S. luniscutis and 
C. spixii, genetic variation was estimated by the proportion 
of po1ymorphic loei (P) and the mean observed (Ho) and 
expected (He) heterozygosities over alIloei studied (Nei, 
1978). Deviations from Hardy-Weinberg expectations 
were measured by the heterozygote deficiency, Hd 
(Selander, 1970) where Hd = (Ho-He) / He. The 
coefficient of genetic distance D of Nei (1972) and its 
standard error (Nei , 1971), the coefficient of genetic 
distance of Rogers (1972) and of Thorpe (1979) as welI as 
coefficient of genetic identity I of Nei (1972) were 
determined for each pair of these species. From the 
matrix of coefficient I, UPGMA dendrograms (Sneath 
& Sokal, 1973) were constructed to represent the degree 
of genetic identity among the species. 
Results 
The electromorph frequencies of 17 presumptive 
gene loci detected from ten enzymatic systems and their 
standard errors, and the number of individulas of each 
species used for the analyses are presented in Table 2. 
Out ofthe 17/oei, 6 (MDH-2, ME, IDH-l, IDH-3, TO 
and Est) were polymorphic. Deviations of the obserVed 
heterozygosities from the Hardy-Weinberg expectations at 
these polymorphic loci are ShOWD in 1àble 3. Significant 
(P < 0,05) heterozygote deficiencies were found for ME 
of C. spixii and for TO of G. genidens. 1àble 4 summarizes 
the electrophoretically detectable genetic variation in the 
foor species of marine catfish. The lowest leveI of genetic 
variability was found in N. barba with Ho = 0.D018 and P 
= 0.0588 and the highest leveI of genetic variability, in C. 
spixii with Ho = 0.0755 and P = 0.2353. 
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ln order to investigate if the isozyme variability was 
related to the enzyme function, the observed 
heterozygosities were classified into enzyme functional 
classes. Three classifications were considered: (1) 
glucose-metabolizing (Group G) and nonspecific (Group 
NG) enzymes (Gillespie & Kojima, 1968); (2) single 
substrate (Group I) and variable substrate (Group II) 
enzymes (Gillespie & Langley, 1974); (3) regulatory (R), 
non- regulatory (NR) and variable substrate (V) enzymes 
(Johnson, 1974). Significant differences were not found in 
the heterozygosities 'of enzymes of different classes of any 
classification (1àb. 5). 
Relationships between the isozyme variability (Ho) 
and ecological and biological characteristics of the 
catfishes were analysed by Spearman's rank correlation 
(Siegel, 1981). The following variables used were: 
maximum length of the species (our observation), 
abundance in the Cananéia region (Mishima & Tanji, 
1981), trophic leveI (Mishima & Tanji, 1982) and observed 
heterozygosity (present paper). The analysis (Tab. 6) 
indicated a significant correlation between trophic leveI 
and maximum length and between heterozygosity of 
group I enzymes and total heterozygosity. 
The Nei's coefficients, the genetic identity I and the 
genetic distance D and their standard errors, are given in 
1àble 7. The genetic distance of Rogers (1972) and of 
Thorpe (1979) are given in Table 8. The UPGMA 
dendrogram constructed from the matrix of coefficient I 
is ShOWD in Figure 1. This dendrogram waS congruent with 
that constructed from composite coefficients of similarity 
obtained by band-counting method from data of eye-Iens 
electropherograms combined with those of skeletic 
muscle electropherograms (Suzuki & Phan, 1990). ln both 
dendrograms, N. barba and G. genidens appeared to be 
the most closely related and S. luniscutis to be the most 
divergent among the foor species. 
Discussion 
The leveI of genetic variability in foor species of 
marine catfish, N. barba, G. genidens, S. luniscutis and C. 
spixii, was estimated by the observed heterozygosity (Ho) 
and the proportion of po1ymorphic loci (P). The value-s 
found were within the limits of variation for marine fishes 
(Fujio & Kato, 1979; GylIensten, 1985; Johnson et al., 1973; 
Shaklee et aL, 1982; Smith & Fujio, 1982; Somero & Soulé, 
1974) a1though a littIe lower than the average value of Ho 
= 0.10 presented in the review of Ferguson (1980) 
dealing with various organisms. Nevo (1978) compared 
genetic variabilities of vertebrates, invertebrates and 
plants and found that the lowest values occur in 
vertebrates and the highest in invertebrates. 
No significant correlation between the heterozygosity 
and other variables such as maximum length of the 
species, abundance.in the sampling region and trophic 
. levei, was found. The heterozygosity of marine teleosts, 
as opposed to that of other vertebrates and of 
invertebrates, is little influenced by the animal size but is 
positively related with its geographic distribution extent 
(Smith & Fujio, 1982). 
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Table 1. Summary of electrophopresis and stainihg of enzymes of skeletlc muscle 
Enzime senple Electrophoretic Run (min)** Staining Staining buffer 
(;UI) system* 
OxidoredJctases 
LOH 5 2 180 Fevolden & Ayala Tris-citrato 
(1981) pH 8.0 
MOH 10 120 Fevolden & Ayala Tris-citrato 
(1981) pt! 8.0 
ME 10 2 120 Fevolden & Ayala Tris·citrato 
(1981) pH 8.0 
IOH 30 2 40 Schneppenheim & Tris-HCl 
MacOonald (1984) pH 8.0 
AO 10 2 120 Fevolden & Ayala Tris-citrato 
(1981) pH 7.0 
TO * * * * 
Transferases 
AAT 10 2 40 Fevolden & Ayala Tris-citrato 
(1981) pH 7.0 
Hydrolases 
Est 40 2 40 Flowerdew & Crisp Tris-HCl 
(1975) pH 7.0 
APH 10 2 90 Fevolden & Ayala Tris-HCl 
(1981) pH 8.0 
ACPH 10 90 Shaw & ICoen Acetato 
(1968) pH 5.0 
* = See detai ls on page 43 
** = Run time in the lower gel 
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Table 2. Frequencles anel standard errors (between parenthesis) of electromorphs of 17 
enzymatic /oei in the four species of marine catflsh and the number of 
individuais used for the analyses 
S P e c i e s 
Locus Electranorph 
N. barba G.genidens S. luniscutis C. spixii 
LDH-1 106 1.00 (O-O) 
100 1.00 (0.0) 1.00 (0.0) 
93 1.00 (0.0) 
LDH-2 108 1.00 (0.0) 
100 1.00 (0.0) 
95 1.00 (0.0) 
92 1.00 (0.0) 
Nl.Ilt>er of individJals 66 81 45 63 
MDH-1 100 1.00 (0.0) 1.00 (0.0) 
83 1.00 (0.0) 
67 1.00 (0.0) 
MDH-2 100 1.00 (0.0) 0.979 (0.010) 0.950 (0.022) 1.00 (0.0) 
89 0.050 (0.022) 
80 0.201 (0.010) 
Nl.Ilt>er of individJals 65 96 50 60 
ME 143 0.684 (0.075) 
114 0.780 (0.046) 
100 1.00 (0.0) 1.00 (0.0) 
86 0.316 (0.075) 0.220 (0.046) 
Nl.Ilt>er of individJals 26 58 19 41 
IDH-1 100 1.00 (0.0) 1.00 (0.0) 0.447 (0.081) 
75 1.00 (0.0) 0.553 (0.081) 
IDH-2 100 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 
IDH-3 100 1.00 (0.0) 1.00 (O_O) 0.290 (0.074) 
86 1.00 (0.0) 0.710 (0.074) 
NI.Ilt>er of individJals 40 31 28 19 
AO 115 1.00 (0.0) 
100 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 
Nl.Ilt>er of 
individJals 25 58 18 37 
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Table 2. Cont. 
Species 
Locus Electranorph 
N. barba G.genidens S. /uniscutis C. spixü 
TO 126 0.957 (0.016) 
106 1.00 (0.0) 
100 1.00 (0.0) 0.043 (0.016) 1.00 (0.0) 
NUJber of indiviwals 68 81 49 67 
AAT 100 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 
84 1.00 (0.0) 
NUJber of indiviwals 27 57 20 44 
Est 110 1.00 (0.0) 
104 0.015 (0.005) 
100 0.985 (0.005) 0.971 (0.009) 0.857 (0.015) 
96 0.029 (0.009) 
92 0.153 (0.015) 
NUJber of indiviwals 260 191 158 294 
APH 139 1.00 (0.0) 
115 1.00 (0.0) 1.00 (0.0) 
100 1.00 (0.0) 
NUJber of indiviwals 18 18 15 24 
ACPH-1 175 1.00 (0.0) 
150 1.00 (0.0) 
100 1.00 (0.0) 1.00 (0.0) 
ACPH-2 100 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 
80 1.00 (0.0) 
ACPH·3 123 1.00 (0.0) 
100 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 
ACPH-4 100 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 1.00 (0.0) 
NUJber of indiviwals 26 54 17 41 
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Table 3. Devlatlons (Hd = (Ho-He)/He) ln relatlon to the Hardy-Welnberg expéctatlons for each 
polymorphic locus, ln the four specles of marlne catflsh 
S P e e i e s 
Locus N. barba G.genidens S. luniscutis C. spixü iid 
MOH-2 0.0 0.0213 0.0523 0.0 0.019 
ME 0.0 0.0 -0.2692 -1.0* -0.3173 
IOH-l 0.0 0.0 0.0 0.1709 0.0427 
IOH-3 0.0 0.0 0.0 0.1515 0.0379 
TO 0.0 -0.2535** 0.0 0.0 -0.0634 
Est 0.0156 0.0295 0.0 -0.1079 -0.0157 
* = p « 0.001 
** = 0.02 < P < 0.05 
Hd = Mean deviation 
'Table 4. Summary of genetlc varlation of 17 enzymatlc loei ln the four specles of marina 
catflsh. Between parenthesis are the standard errors of the heterozygosltles 
S P e e i e s 
N. barba G. genidens s. luniseutis C. spixii 
Mean I'Ultler of 53.53 66.24 36.53 57.29 
individuals/loei 
Proportion of 0.0588 0.1765 0.1176 0.2353 
polymorphie loei 
Mean observecl 0.0018 0.0095 0.0245 0.0755 
heterozygos i ty (0.0018) (0.0052) (0.0191) (0.0436) 
Mean expectecl 0.0018 0.0106 0.0310 0.0887 
heterozygos i ty (0.0018) (0.0061) (0.0257> (0.0413) 
Mean defieiency 0.0009 -0.0119 -0.0127 -0.0462 
of heterozygotes 
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Table 5. Observed heterozygosity (Ho) of enzymes of different functlQnaI classes 
Functional classes 
Species Gillespie & Kojima, 1968 Gillespie & Langley, 1974 Johnson, 1974 
G NG II R NR 
N. barba 0.0 0.0039 0.0 0.0044 0.0 0.0 
G. genidens 0.0052 0.0072 0.0046 0.0082 0.0 0.0083 
S. luniscutis 0.0520 0.0 0.0462 0.0 0.3158 0.0020 
c. spixi i 0.1170 0.0330 0.1170 0.0330 0.0 0.0 
Ho 0.0419 0.0114 0. 0419 0.0114 0.0395 0.0011 
S.e. 0.0219 0.0085 0.0219 0.0085 0.0395 0.0053 
t x si 0.0449 0.0114 0.0449 0.0174 0.0934 0.0111 
S.e. = Standard error 
t x SX = Confidence interval <level of. 5X) 
Table 6. Spearman rank correlatlon coefflclents between the observed heterozygoslty and 
blologlcal aOO ecologlcal characteristics 
Abuldance Trophic tio of tio of tio 
level group I group I I 
Length ·0.40 1.0* -0.80 -0.80 -0.80 
Abu1dance -0.40 -0.01 0.80 -0.07 
Trophic level 
-0.80 -0.80 -0.80 
Ho of group I 0.40 1.0* 
Ho of group I I 0.40 
* = Significant at level of 5% 
VS 
0.0051 
0.0096 
0.1579 
0.0386 
0.0133 
0.0098 
0.0204 
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Table 7. CoeffIclents of genetlc 'Identlty I (above diagonal) and genatlc dlstance O (below 
diagonal) between specles of marina catflsh, based on 17 enzymatlc loei. Between 
parenthesls are the standard erros of genetlc distances O 
N. barba G.genidens S. hmiscutis C spixii 
N. barba 0.822 0.356 0.467 
G.genidens 0.196 0.294 0.555 
(0.113) 
S. hmiscutis 1.033 1.226 0.242 
(0.326) (0.376) 
C spixü 0.762 0.588 1.420 
(0.259) (0.217) (0.430) 
GENETlC IDENTITY 
.0 , / .2 .3 .4 .S .6 .7 .8 .9 /.0 
_--- N. barba 
~--- G. genidens 
~----------- C spàü 
~---------______ S. luniscutis 
Fig. 1. UPGMA dendrograms showlng the relationshlps among the four marine catflsh, 
based on coefficients of genetic identity I (Nei, 1972) obtained trom 17 enzymatic 
loci data. 
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Table 8. Genetlc distance of Rogers (1972) (above diagonal) and of Thorpe (1979) (below 
diagonal) between pairs of species of marine catfish, base on 17 enzymatic 
Ioci 
N. barba G.genidens S. luniscutis C. spixii 
N. barba 0.182 0.643 0.548 
G.genidens 0.182 0.703 0.463 
S. luniscutis 0.650 0.711 0.758 
C. spixii 0.554 0.470 0.764 
It is suggested that the genetic variability might be 
related with the physiological function of the enzyme and 
theory of higher variability for enzymes of variable and 
nonspecific substrate has been presented (Gillespie & 
Kojima, 1968; Gillespie & Langley, 1974; Jobnson, 1974). 
On the other hand, as opposed to this theory, Anderson 
(1982) argued that the enzymes of variable substrate might 
need a primary structure higbly conservative in order to 
maintain the functional flexibility. Reswts of some 
investigations agree with the Anderson's argument 
(Frydenberg & Simonsen, 1973; Smith & J amieson, 1980). 
Influence of the enzymatic function on the leveI of genetic 
variability of the marine catfishes was not found since 
enzymes of different functional classes did not show 
significant differences in heterozygosities. Similar resuIts 
were also reported for marine teleosts (Smith & Fujio, 
1982) and marine molluscs (Fujio et. ai., 1983). 
Regarding deficiency of heterozygotes, relatively few 
examples are known for marine teleosts (Fujio et ai., 1983; 
Richardson, 1982; Smith, 1979; Smith et ai., 1981; Smith & 
Francis, 1984). The mechanisms inducing the deficiencies 
observed in marine catfishes are not known. Some 
hypothesis, such as mis-scoring of gel phenotypes, 
inbreeding, selection against heterozygotes, Wahlund 
effect and sampling error, might have contributed to these 
resuIts and they must not be mutually exclusive. 
Regarding interspecific relationships among N. 
barba, G. genidens, S. luniscutis and C. spixii, the 
dendrogram constructed from the isozyme data showed 
the same topology as the dendrograms constructed from 
eye-Iens data combined with skeletic muscle data (Suzuki 
& Phan, 1990). Both dendrograms showed that N. barba 
and G. genidens are very similar and more closely related 
to C. spixii than to S. luniscutis. These biochemical results 
agree with osteological study of Higuchi (1982) 
conceming the similarity between N. barba and G. 
genidens but the distinction of S. luniscutis was not 
apparent in the osteological features. 
There is much controversy about the evolutionary 
concordance between biochemical and morphological 
characters. Lewontin (1984) demonstrated how different 
are the powers of statistical tests for the two kinds of 
characters and pointed out the lack of information on how 
many loei are invoIved in the morphological characters. 
The lack of congruence between these two data sets 
might result from a non-satisfactory sampling of the 
genome of the organisms. As the majority of the 
biochemical studies can examine only about 0.1% of the 
structural genes, the genes responsible for the 
morphological differentiation might be among the 
structural genes which are not amenable to 
electrophoretic techniques or might be related to 
regulatory genes systems (Avise & AyaIa, 1976; King & 
Wilson, 1975). Another reasonable explanation for the 
discordance between biochemical and morphological 
data sets is the mosaic evolution which can be caused by 
plesiomorphy of one set while the other is evolving 
(Mickevich & J ohnson, 1976). ln fish, examples of 
morphological characters more diversified than the 
biochemical ones (Sage & Selander, 1975; Thmer & 
Grosse, 1980; Yoshiyama & Sassaman, 1983) and 
vice-versa (Saunders & McKenzie, 1971) are known. 
Arguments conceming which data set, biochemical or 
morphological, yields the most realistic cIassification and 
relationship between the species, could continue 
endlessly. According to Ferguson (1980) there are not a 
priori reasons to suggest which classification is the most 
valuable and it must be considered that no single 
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classification could encompass the diverse sets of 
informations. Electrophoretic methods canoot be used as 
a substitute for morphological analysis but as a 
complement to it (Avise, 1974; Bruce & Ayala. 1979) 
because they frequent1y reveal relationhsips t~t are 
not readily discerníble morphologically (1Suyuki et aJ., 
1965). . 
The coefficients of genetic identity I (Nei, 1972) 
between pairs of species of ariid catfishes varied from 
0242 (between S. luniscutis and C. spixii) to 0.822 
(between N. barba and G. genidens). The average 
obtained was 0.456 with standard deviation 0.213, value 
comparable to the intergeneric I (0.40) caIculated by 
Shaldee et alo (1982) based on various groups of fish. 
However, the I between N. barba and G. genidens (0.822) 
was relatively high for non-congeneric speaes and might 
suggest a very close relationship and probably a recent 
divergence between these species. 
Comparisons of coefficients I and D of different 
groups of organisms must be made cautiously since it is 
knOWD that the evoIutionary rate is distinct for each 
group of organisms and the degree of divergence in 
structural genes is not equivalent in the dit'ferent classes 
of vertebrates (Avise & Aquadro, 1982). Nevertheless, 
Shaldee et ai. (1982) argued that estimations of genetic 
coefficients can be useful as a reference for 
interpretations of the results related to the taxonomic 
status of organisms under investigation. 
Consulting the curves of probability against 
coefficient I for different leveIs of evoIutionary 
divergence (conspecific populations, congeneric speaes 
and confamiJiaJ genera) (Thorpe, 1982), the I between N. 
barba and G. genidens (0.822) is threefold the average I 
for confamilial genera (0.273), 1.5 times the average I for 
congeneric species (0.54) and is found near the upper 
limit (approximateIy 0.85) of the probabi1ity of I for this 
leveI of evolutionary divergence. 
ln view of the fact that intergeneric I between N. 
barba and G. genidens is higher than those found between 
genera of other organisms, some hypothesis can be put 
forward. There might be a very close relationship and a 
recent divergence between these species. Occurrence of 
homoplasy, different evolutionary rate for each species 
and a non-representative sampling of genome of these 
organisms (Avise & AyaIa, 1976) must also be 
considered. Furthermore, electrophoresis provides direct 
evidence of the differences between electrophoretic 
bands which present distinct mobilities under certain ruo 
conditions, but bands of same position do not necessarily 
mean that they are structura11y identical (Johnson, 1977). 
It is not our intention to interpret the genetic 
coefficients quantitatively in order to establish the 
taxonomic status of catfishes under investigation. 
However, the coefficients estimated and the 
interspecific relationships illustrated in the 
dendrograms of this and the previous paper (Suzuki & 
Phan, 1990) confirm the need of a revision in the 
supraspecific leveIs of the family Ariidae as pointed out 
by Higuchi (1982) and Higuchi et ai. (1982). For the 
systematic revision of the family Ariidae, further 
biochemical studies dealing with more characters in 
order to minimize the convergence effects (Sneath & 
Sokal, 1973), more species of Ariidae and other families 
of the Order Siluriformes, greater distribution area for 
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each species and phylogenetic relationships, would be of 
great value. 
Resumo 
Dez sistemas enzimáticos do músculo esquelético de 
quatro espécies de bagres marinhos foram analisados 
eletroforeticamente em géis de poliacrilamida. As 
heterozigosidades observadas variaram entre 0,0018 e 
0,0755, as proporções de /oei polim6rficos, entre 0,0588 
e 0,2353, e as identidades genéticas I de Nei, entre 0,242 e 
0,822. O grau de identidade genética entre as espécies foi 
ilustrado através de dendrogramas UPGMA 
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